Door openings in the operating room (OR) have been hypothesized to increase OR environmental contamination. This study measured average colony-forming units (CFU) in the OR as a function of door openings and other potentially important variables. Bacterial settle plates were placed inside and outside of laminar airflow (LAF) by both exit doors, on the instrument table, and on the back instrument table (if applicable) for 48 orthopedic and general surgery procedures. CFU data were paired to Staphylococcus aureus colonization status, door openings, surgery duration, time of day, OR location, number of staff, use of warming devices, temperature, and humidity. The number of door openings in the OR and surgery duration were significantly associated with increased CFU in the OR overall and outside of LAF. However, under LAF conditions, only the number of OR personnel was significantly associated with increased CFU. Surgical site infections (SSIs) dramatically increase length of hospital stay, hospital costs, and patient morbidity after surgery.
Surgical site infections (SSIs) dramatically increase length of hospital stay, hospital costs, and patient morbidity after surgery. 1 Most SSIs originate from endogenous patient flora and are presumed to be a result of inoculation of the operative site at the time of the surgery. 2, 3 In a minority of cases, contamination of the operating room (OR) environment has been documented as an important source of SSI, often only identified in the setting of a cluster or outbreak. 4 Laminar airflow (LAF) has been shown to decrease bacterial colony-forming units (CFU) around the operating field 5, 6 and is used by some institutions to prevent SSIs, although the benefit of LAF is controversial. 7 Mixed results regarding the benefits of LAF may result from compromised function of the airflow system in the setting of excessive door openings and OR traffic. 5, 8, 9 In a study of exclusively orthopedic procedures, the number of door openings per case ranged from 0 to 66, with an average of 17.4 door openings per case. 6 A different orthopedic group reported an average of 60 door openings per case (0.64 door openings per minute) for primary arthroplasty procedures, and an average of 135 door openings per case in revision arthroplasty (0.84 door openings per minute). 10 In this study, we measured environmental contamination in the OR as a function of door openings, LAF, and other variables.
METHODOLOGY
Bacterial settle plates (Remel; Lenexa, Kansas) were placed inside and outside of LAF by exit doors, on the instrument table, and on the back instrument table (if applicable) for 48 orthopedic and general surgery procedures over a 6-week period. Different plates were used for the period of time from surgical kit opening until incision and from incision to closure. CFU were counted on each plate by trained microbiologists who were blinded to all other aspects of the study, and average CFU per plate were measured. The patient's Staphylococcus aureus colonization status, surgery duration, time of day, OR location, number of staff, use of Bair Hugger warming devices, temperature, and humidity were measured for each case from hospital databases. Number of door openings was manually counted by research personnel. In all cases, OR personnel were not blinded to participation in the study and were aware that door openings were being counted during these surgical cases. All ORs use a vertical LAF system (BioAir Systems; Greensboro, North Carolina), which uses a combination of outside and return air through HEPA filters. The HEPA filters are replaced every 3 years. These LAF units are connected to a heating, ventilation, and air conditioning (HVAC) system that is dedicated to the hospital's ORs. This HVAC system has pre-filters that are replaced quarterly and final filters that are replaced annually. ORs are maintained at 65°F and are humidity controlled. SSIs were evaluated by prospective infection control surveillance according to National Healthcare Safety Network recommendations.
Binary variables were analyzed using the Wilcoxon 2-sample test. Continuous variables were analyzed using univariate linear regression; for ease of presentation, they were also divided into strata to demonstrate changes in mean and range (Table 1) . Multivariable regression analysis was not performed because the variables that were significant on univariate analysis (surgery duration, number of door openings, and number of staff) demonstrated collinear coefficients ≥ 0.3. Statistical tests and figures were generated using SAS software (version 9.3; SAS, Cary, North Carolina). The hospital's institutional review board approved this study. (Fig 1) . Increased door openings were statistically associated with higher CFU overall (P = .03) and for the subset of cultures outside of LAF (P = .0012) but not within LAF (P = .73; Table 1 ). Within LAF, number of staff in the OR was the only variable associated with higher CFU (P = .03; Table 1 ). None of the patients developed an SSI. Multivariable regression analysis was not performed because the variables that were significant on univariate analysis (surgery duration, number of door openings, and number of staff) demonstrated collinear coefficients ≥ 0.3.
RESULTS
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DISCUSSION
Increased number of door openings and surgery duration increased CFU counts in the OR, but the relationship between these variables was only observed outside LAF. Within LAF conditions, only the number of staff was associated with higher CFU. The relationship between increased staff and increased CFU within LAF may be due to a larger amount of bacterial shedding from healthcare workers. Researchers also observed temporary displacement of the back instrument table (containing settle plates) outside of LAF when greater numbers of people were involved in the case. This observation may have contributed to the increased CFU seen with high staff numbers and may account for the relationship seen between staff number and CFU in this study but not in other studies that did not use LAF. 11 In addition, the finding that CFU counts increased with door openings is in part accounted for by increased duration. We attempted to adjust for this by looking at CFU as a function of door openings per minute (Table 1) . Door openings per minute showed a positive trend in CFU overall and outside LAF but was not statistically significant. These findings suggest that surgery duration contributes to, but does not fully explain, increased CFU counts. Limitations of the study include the possibility of the Hawthorne effect, as the procedures being studied were not blinded. The results of this study support the use of LAF and the reduction in number of staff in the OR as effective methods for reducing environmental contamination near the surgical site. In ORs without LAF, reducing door openings may be an effective way to reduce environmental contamination and prevent SSI.
